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FRANKLIN COUNTY SANITARY LANDFILL – 
LANDFILL GAS (LFG) TO LIQUEFIED NATURAL 

GAS (LNG) – PROJECT 
 
 
BACKGROUND AND INTRODUCTION 
 
Degradable organic matter can be a significant source of non-fossil fuel based methane (CH4).  
Methane captured from these “renewable” sources can be a feedstock for many applications 
including production of electricity, methanol, compressed or liquefied natural gas and others.  
One of the most intriguing and promising sources of biogas methane is landfill gas (LFG).  LFG 
contains methane, carbon dioxide (CO2), and other substances, some of which are toxic.  
Processes exist to strip CO2 and other impurities from the CH4 stream. 
 
The Solid Waste Authority of Central Ohio (SWACO) operates the Franklin County Landfill, the 
5th largest publicly owned landfill in the U.S.  Within the last few years, SWACO installed a 
landfill gas (LFG) collection and flaring system.  Now, they have secured a contract with Firm 
Green Fuels (FGF) to separate and capture valuable components of their LFG stream, including 
methane and CO2.  Under this contract, SWACO will provide 1,554 mmbtu/day of methane 
(project Phase One) to FGF for production of methanol.  Another vendor is to use the methanol 
to produce biodiesel fuel on site. 
 
SWACO also has requested that a small portion of the initial, “Phase One,” stream be used to 
produce liquefied natural gas (LNG).  Doing this would require additional equipment to liquefy a 
portion of this methane stream.  LNG would be used to fuel a small number of LNG vehicles to 
be acquired by SWACO, pending available funding. 
 
LNG is a good heavy-duty transportation fuel because it is very clean burning and has high 
energy content relative to its volume.  It has proven successful in heavy-duty vehicle 
applications including sanitation trucks, transit buses, and tractor-trailers.  Engines designed to 
operate on CNG also can use LNG.  The upside potential of LFG to LNG is significant.  These 
include cost savings for fleets, energy savings through a “high-end” use of a waste product, 
reduction of vehicle emissions including greenhouse gasses, hydrocarbons, NOX, fine particles, 
and others, energy security through petroleum displacement, and local economic development. 
 
The U.S. Department of Energy (DOE) has given NREL the responsibility to implement the 
Clean Cities Technical Assistance (Tiger Team) activity with the objective of providing 
assistance to Clean Cities Coalitions who are attempting to implement alternative fuels (AFs) 
and alternative fuel vehicles (AFVs) into their regions.  The utilization of AFs and AFVs is 
intended to reduce the amount of imported petroleum used by the transportation industry, a 
primary objective of the Energy Policy Act of 1992.  NREL is accomplishing this technical 
assistance by utilizing a team of competitively selected subcontractors who supply knowledge 
and expertise that is not currently resident at the Lab. 
 
The Central Ohio Clean Fuels Coalition (COCFC) is a recently established (April 2002) Clean 
Cities Coalition based in Columbus, Ohio.  Two significant opportunities have arisen in the 
Columbus area to implement AFs and AFVs, which can help to offset the use of imported 
petroleum and provide greater energy security, both objectives of the U.S. Department of 
Energy.  These opportunities are 1) the utilization of AFVs at the Columbus airport and 2) the 
creation of LNG from landfill gas for use in local natural gas vehicles.  The Columbus Airport 
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Authority and Solid Waste Authority of Central Ohio have each contacted the Director of the 
Central Ohio Clean Fuels Coalition, Sam Spofforth, to request assistance in planning these 
projects.  NREL will be providing assistance to Mr. Spofforth in the implementation planning of 
AFs and AFVs at both of these sites.  The data that is generated during the process of this 
technical assistance will be used by NREL to assist other Clean Cities Coalitions who are 
attempting similar approaches to increased use of AFs and AFVs in their regions. 
 
This Letter Report addresses and summarizes the support assistance provided by NREL for 
item 2 above, the creating of LNG from LFG.  This support was provided to Mr. Spofforth of 
COCFC.  The support addressed resource/resource collection system, technology status for 
conversion of LFG to LNG, LNG storage/dispensing considerations, economic overview, and 
project status overview.  This Report is intended to respond to the Tasks 1B, 2B and 3B 
requirements of NREL Task Order KLCI-1-31026-07B. 
 
SUMMARY OF EFFORT PERFORMED 
 
TASK 2B.1 – LITERATURE SEARCH AND CONTACTS MADE 
 
The support provided by NREL to COCC on Tasks 1B, 2B and 3B was not intended to be 
exhaustive nor was there adequate funds to perform site and/or contact visits.  The support was 
intended to be sufficient to assess technology status and an understanding of important 
economic factors.  This information gathering was accomplished through an extensive literature 
search and selected phone contacts. 
 
The literature search was conducted to understand available small-scale LFG to LNG 
liquefaction technologies, those involved in the development of the technologies, development/ 
commercialization status, system installations, and system economics.  Appendix A presents a 
summary of applicable literature. 
 
Review of Appendix A information provided a good summary of industry and research contacts 
that were interviewed by phone to update published information.  Following is a list of contacted 
persons: 
 
Name/Affiliation  Contact Information 
   
Dr. James Wegrzyn 
Brookhaven National Laboratory 
 

 631-344-7917 

William Brown 
Acrion Technologies 
 

 216-573-1185 
acrion@aol.com

Steven Wilburn 
Firm Green Fuels 
 

 949-285-4567 

Rick Dodge 
SWACO 
Franklin County Landfill 
 

 614-801-6402 
rick.dodge@swaco.org

Michael D. Long 
SWACO 

 614-871-5100 

mailto:acrion@aol.com
mailto:rick.dodge@swaco.org
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Name/Affiliation  Contact Information 
 
Bruce Smackey 
Mack Trucks 
 

 610-390-8240 
bruce.smackey@macktrucks.com 

Kent Stoddard 
Waste Management 
 

 813-909-0163 

Sam Spofforth 
COCFC 
 

 614-292-5435 
sam@cocfc.org

Ed Wheless, P.E. 
Sanitation Districts of LA County 
 

 562-908-4288, x2428 

Martin L. Pomerantz, Ph.D. 
Business Development Group, Inc. 
 

 412-882-0184 
pomerantzm@asme.org 

William E. Liss 
Managing Director, Transportation Systems 

 847-768-0753 
William.liss@gastechnology.org 

 
 
TASK 2B.2 – LFG RESOURCE/RESOURCE COLLECTION SYSTEM – PROJECT PHASE ONE 
 
SWACO, under Contract to Alcohol Solutions of Ohio, L.L.C. (now Firm Green Fuels), is to 
provide 1,554 mmbtu per day of methane for a period of 10 years.  This methane is to be 
converted to methanol on-site and provided (sold) to another vendor who will produce and 
market biodiesel fuel.  The methanol will also be marketed to industrial customers.  In addition, 
SWACO has requested that a small portion of LFG be used to produce liquefied natural gas 
(LNG) during Phase One.  SWACO requests that sufficient LNG per day be provided to fuel 
heavy-duty trash trucks (perhaps 16-20) to be acquired for landfill operations. 
 
A Phase One LFG collection system has been installed.  This system collects gas from 
approximately one-quarter of the landfill area.  Collected gas is currently flared on-site.  A check 
on minimum available LFG gas was made.  Therefore, collection system flare data were 
requested of SWACO.  Appendix B presents Franklin County Sanitary Landfill Flare Readings 
covering the period May 8, 2004 through July 7, 2004.  A review of the data indicates daily, if 
not hourly, data variability.  The data were reviewed to determine minimum methane content, 
gas flow and heat content.  The following values were noted and were used for analysis 
performed for this study. 
 

• Methane   56.4 percent 
• Landfill Gas Flow  2,200 scf/m 
• BTU Delivered  1,840 mmbtu per day 

 
SWACO has, by contract, committed 1,554 mmbtu per day to the FGF/Acrion project.  
Therefore, there is approximately 286 mmbtu per day excess energy available for LFG to LNG 
conversion (1,840 mmbtu/day – 1,554 mmbtu/day).  It is not clear whether the LNG required 
LFG is part of the Contract energy supply or in addition to the Contract requirement.  It is 
assumed for purposes of this report’s analysis, the LFG required to meet SWACO LNG 

mailto:sam@cocfc.org
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requirements is in addition to the Contract requirements.  Therefore, it is necessary to determine 
SWACO’s LNG requirement for 16 to 20 trash trucks.  Data provided were: 
 
 Trash trucks:   16 to 20 
 Mileage per year:  1/2 @ 75,000 miles/year 

    1/2 @ 35,000 miles/year 
 Fuel Economy:  5 miles/gallon (diesel) 
 Days of operation:  300 (typical for similar analysis applications) 
 Minimum number of trucks: 20 

 Average miles/year/truck: 55,000 ⎟
⎠
⎞

⎜
⎝
⎛ +

2
000,35000,75

 

 
Therefore, annual fleet mileage is: 

 
 20 trucks x 55,000 miles/year = 1,100,000 miles/year 
 

At 5 miles/gallon of diesel fuel, diesel fuel consumption is 220,000 gallons per year.  A 
gallon of LNG has an energy content of 83,320 Btu.  A gallon of diesel fuel has an 
energy content of 133,000 Btu.  Therefore, a gallon of diesel fuel is the equivalent of 1.6 
gallons of LNG. 
 

⎟
⎠
⎞

⎜
⎝
⎛ = 596.1

320,83
000,133

 

 
Thus, 220,000 gallons of diesel fuel per year is equivalent to 352,000 gallons of LNG per 
year.  Based on 300 days of annual operation, this equates to approximately 1,175 
gallons of LNG per day. 
 

⎟
⎠
⎞

⎜
⎝
⎛

300
000,352

 

 
1,175 gallons of LNG per day x 83,320 Btu per gallon is 97.90 x 106 Btu per day or say 
100 mmbtu per day.  Thus, there is sufficient excess energy capacity available to fuel 
the 20 trash trucks (286 mmbtu/day vs 100 mmbtu/day).  Should this requirement be 
included within the SWACO Contract commitment, it represents about 6.5 percent of the 
commitment. 
 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
day/mmbtu554,1

day/mmbtu100
 

 
If all excess methane energy capacity were converted to LNG 
 

LNGofgallons430,3
gal/btu320,83
day/mmbtu286

≈  per day could be produced. 
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If all available Phase I methane were converted to LNG 
 

LNGofgallons080,22
gal/btu320,83
day/mmbtu840,1

≈  per day could be produced. 

 
 

CONCLUSION 
 
There is adequate methane available from the Phase One collection system to meet 
Contract requirements and desired LNG production for 20 trash trucks per day.  If all 
excess Phase One methane were converted to LNG, about 3,430 gallons of LNG per day 
could be produced.  Should SWACO elect, based on market potential, to convert all 
available Phase One methane to LNG, about 22,080 gallons per day could be produced. 
 
TASK 2B.3 – TECHNOLOGY STATUS – CONVERSION OF LFG TO LNG 
 
Typical landfill gas properties are summarized by the following table. 
 

 
Landfill Gas Properties 

Temperature, °F 70 
Pressure, psia 14.7 
Methane, % 54 
Carbon Dioxide, % 45 
Nitrogen, % 1 
Contaminants, % < 1 
Water Saturated 

 
As indicated by the data summarized in Appendix B, these properties vary daily.  The methane 
(CH4) content of gas collected at the Franklin County Landfill is about 56.4 percent (as 
previously noted).  The requirement is to efficiently, economically strip CH4 out of the gas 
stream in order to utilize it as an energy resource.  For this project, CH4 is to be converted to 
methanol (CH3OH) and LNG.  It is the LNG product that is the Subject of this report. 
 
LNG is typically generated in large-scale LNG plants with complex refrigeration processes and 
specialized equipment.  Natural gas is the feedstock.  Production capacities of about 15,000 
tons per day are usual.  The weight of a gallon of LNG is 3.6 pounds at atmospheric pressure 
and saturated liquid.  This is at a liquid temperature of -259°F.  As temperature changes, the 
liquid density (thus its weight) changes.  These large commercial plants state production output 
in pounds (or tons) as a pound is constant and not subject to temperature/pressure variations.  
Appendix C presents typical LNG conversion factors.  Please note data variability.  Using 3.6 
pounds per gallon yields approximately 8,333,000 gallons per day of LNG for the typical large-
scale LNG production plant cited. 
 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
= gallonsmm333.8

gallonperpounds6.3
ton/pounds000,2xtons000,15
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Large production capacity facilities produce product at a low cost per gallon (typically 35 to 45 
cents per gallon with 53 cents per gallon as the price point) even though investment costs are 
high.  LNG is also shipped to the United States and off-loaded at storage facilities for 
distribution.  For small plants, the relative investment costs have been shown to be a major 
obstacle, especially if system efficiencies similar to large base-load plants are obtained.  The 
Franklin County Landfill project would be a small system and cost-competitiveness may be 
difficult. 
 
Small-scale LFG purification and liquefaction systems are under development by Acrion 
Technologies, Inc., GTI (Gas Technology Institute), and INEEL (Idaho National Engineering and 
Environmental Lab) and several foreign countries.  Several of these systems have developed to 
the demonstration phase.  Demonstration projects have not achieved small-scale 
commercial system size to date.  Companies developing such technologies suggest that 
projects become cost-effective at a minimum production rate of 15,000 gallons of LNG per day.  
This production rate equates to 1,250 mmbtu per day.  However, a review of the literature does 
not support this production rate conclusion and data are confusing at best.  Small-scale appears 
to be a system producing less than 50,000 gallons of LNG per day.  The critical equipment 
development item is the liquefier.  Current liquefier development status suggests that LNG 
production rates less than 1,000 gallons per day should not be considered.  The important 
finding is that no small-scale system has achieved commercial status to date.  Each project is 
designed to meet demonstration goals.  For small-scale systems, promising results have been 
achieved by the GTI and Acrion technologies.  Based on the literature search and phone 
contacts, brief descriptions of selected small-scale technologies are presented. 
 
The Pacific Gas & Electric/INEEL San Joaquin Valley project (planned for mid-2006) expects to 
deliver 20,000 to 30,000 gallons of LNG per day.  They classify this project as a R&D, small-
scale LNG liquefaction demonstration.  The project budget is stated as $2.5 million.  No system 
cost estimates for LNG production were provided.  The liquefaction process requires high 
pressure supply gas and uses pressure letdown to accomplish the refrigeration/liquefaction. 
 
A market study done for the GTI indicates that small-scale liquefaction is feasible in the 5,000 to 
10,000 gallons per day production range with a unit costing about $500,000.  GTI has 
developed a single-stage, mixed refrigerant, natural gas liquefier.  This prototype unit, which 
has a capacity of up to 2,000 gallons per day, can be scaled to match feedstock flow and 
composition characteristics.  GTI is designing a gas purification system for integration with the 
liquefier unit for processing pipeline quality feedstock, which does not have all the contaminants 
found in landfill gas.  The capital equipment cost for this system is estimated to be about 
$350,000, with energy costs to operate the unit about $0.10 per gallon.  Additional costs 
associated with purification of trace contaminants for landfill gas applications will increase 
capital and operating costs.  This system addition is a must. 
 
In order to be able to use landfill gas for natural gas vehicle applications or even for power 
generation (which is traditionally provided by pipeline gas), very high purity methane must be 
removed from the LFG supply stream.  As carbon dioxide (CO2) is a major component of LFG, it 
has been proposed that purification and liquefaction of CO2 into a saleable product would 
improve the economics of developing LNG from LFG.  The US DOE, through Brookhaven 
National Laboratory (BNL), has funded Acrion Technologies of Ohio to conduct a feasibility 
study on producing LNG and liquid CO2 (LCO2) from LFG.  Using Acrion’s patented, absorption 
process, which uses LCO2 produced in-situ, they claim to recover more than 99 percent of the 
methane as usable product.  A pilot-scale system has been developed.  The study concluded 
that a landfill capable of providing sufficient LFG to produce 10,000 gallons of LNG per day (830 



Franklin County Sanitary Landfill – Landfill Gas (LFG) 
to Liquefied Natural Gas (LNG) – Project  Letter Report 

 

Page 7 

mmbtu per day) and 40 tons of LCO2 per day could be economical.  The economics depends 
upon the availability of suitable markets close to the source of production.  Plant capital 
investment was estimated at $5.3 million with annual operating costs of $1.0 million.  A 
summary description of the Acrion system is presented in Appendix D. 
 
Acrion, under a US DOE, Phase II, SBIR grant, has been funded to develop a Process 
Demonstration Unit (PDU) which embodies their patented CO2 Wash™ contaminant removal 
technology to produce clean methane (75 percent methane, 25 percent CO2, contaminant-free, 
50 mmbtu per day) and food grade liquid CO2 (up to 1 ton per day).  The PDU is located at the 
New Jersey Eco Complex, a new facility erected by the State of New Jersey at the Burlington 
County Resource Recovery Complex, Columbus, New Jersey.  The complex includes a 
municipal sanitary landfill, recycling center, hazardous materials collection center, composting 
facility and a state-of-the-art, one-acre research and demonstration greenhouse.  The 
project/status are discussed in Appendix E.  The PDU process steps are: 
 

• landfill gas compression to 400 psi and bulk water knock out; 
• hydrogen sulfide removal with Sulfa Treat adsorbent; 
• dehydration; 
• contaminant removal by Acrion’s CO2 Wash™ technology; 
• methane stripping from LCO2 product; 
• integrated CO2 refrigeration system; 
• LCO2 product storage. 

 
A blower system installed by the County can deliver up to 300 scfm landfill gas at about 40 
inches water column.  Acrion’s PDU is designed to process about 100 scfm of LFG (about 900 
gallons of LNG per day).  To date, this is the largest operating system that Acrion has 
developed.  The gas analysis reports do not confirm pipeline or LNG quality methane product.  
Therefore, a downstream gas clean-up technology must be incorporated.  Other references 
contacted indicated that the system should be scaleable to LFG product stream criteria.  No 
PDU system cost data were available.  Exclusive rights to market the Acrion patented CO2 
Wash™ technology have been acquired by Firm Green Fuels of Irvine, California. 
 
CONCLUSION 
 
• No commercial, small-scale LFG to LNG systems were discovered. 
• Of the three most viable concepts, Acrion’s technology appears to be nearest to 

commercial demonstration. 
• No reliable cost data were discovered. 
• Methane stripping from LFG at the purity required to produce LNG, is technologically 

difficult and system cost appears high. 
• Markets for products (LNG, LCO2, etc.) need to be near the production site. 
• Minimum LNG production quantities for cost-competitive product are stated as 15,000 

gallons per day. 
• Current technology liquefaction production rates need to be greater than 1,000 

gallons of LNG per day. 
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TASK 2B.4 – ECONOMIC OVERVIEW 
 
Nearly all landfills in the United States that collect LFG currently flare the collected gas.  That is 
what SWACO does with the Franklin County Sanitary LFG.  There is much interest in converting 
collected LFG into a useful, economically beneficial product.  The major choices available in 
order of increased technical challenges and cost for use of LFG are: 
 
• Direct use of LFG on site or in close proximity to the landfill.  The primary direct use is for 

process heating. 
• Electricity generation on site for on site usage and/or with direct sale to the local utility or 

other customers as a utility retail offset. 
• Develop pipeline quality gas and sell it to the local gas company or national pipeline 

company. 
• Convert the pipeline quality methane gas into compressed natural gas (CNG) for 

transportation fuel usage. 
• Convert the methane into methanol for the chemical process industry. 
• Convert the methane into LNG. 
• Convert the LFG CO2 into LCO2. 
 
Pipeline quality gas requires methane extraction from LFG and subsequent purification to meet 
pipeline quality criteria.  The three most used processes to accomplish this objective are 
membrane separation, molecular sieve (pressure swing adsorption) and absorption process 
using a liquid solvent. 
 
The technology status and known applications at this time are summarized below.  On-site 
collection and flaring of LFG is by far the most common approach followed by on-site or near-
site direct use of LFG for process heat and/or electricity generation.  There are eight known 
projects that convert landfill gas to high-BTU (pipeline quality) gas in operation in the United 
States with three additional projects under construction and planned.  All use membrane 
technology to obtain “clean methane.”  No cost data were discovered. 
 
There have been three LFG to CNG projects demonstrated worldwide.  Los Angeles County, 
California, has successfully operated a CNG project at Puente Hills Landfill for nearly ten years.  
The demonstration project can produce 1,000 gge’s (gasoline gallon equivalent) per day.  The 
gas is compressed to 3,500 psig and used to fuel several pieces of landfill equipment and 
Chrysler mini-vans.  CNG usage is about 100 gge’s per day; thus the plant does not operate on 
a daily basis.  The gas processed represents about 1 percent of collected LFG.  Special, deep 
wells dedicated to this process were drilled to obtain as pure raw LFG as possible.  The plant 
when built cost about $1,000,000 and uses membrane technology to remove CO2 and 
contaminants.  The processed LFG is 96 percent or greater methane, which is not pure enough 
to produce LNG.  The owner states that they do not know the cost to produce a gge of CNG.  
Their purpose is not to prove cost-effectiveness, but to prove production and use technology.  
None of the LFG to CNG projects are of a commercial scale, thus no reliable cost information is 
available. 
 
There are several known pilot LFG to LNG plants.  One is at the Hartland Landfill in Victoria, 
British Columbus, Canada, and recently completed initial performance testing.  A second is 
located in Burlington County, New Jersey.  The Burlington County system was developed by 
Acrion Technologies and is based on an absorption process using a liquid solvent, LCO2.  The 
pilot system is to produce about 900 gallons of LNG per day.  To date it has produced LNG for 
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demonstration trials and at quantities below the target production point.  Those involved 
consider the technology performs as expected and that the pilot system can be scaled to meet 
desired production quantities.  The system design criteria are similar to those set for the 
Franklin County Sanitary Landfill Project.  Firm Green Fuels of Irvine, California has procured 
exclusive rights to market the Acrion LFG to LNG technology.  Additional pilot LFG to LNG 
projects are planned in California (2) and Texas (1).  None of the known LFG to LNG 
processes or installations are of a commercial size.  They are pilot/demonstration installations. 
 
Conversion of LFG to methanol and ethanol for use as a vehicle fuel or as a chemical feedstock 
has been investigated in the United States since the early 1980s.  There are no commercial 
scale LFG to methanol or ethanol projects known. 
 
There are other known RD&D activities investigating many of these LFG opportunities.  
Previously in this report, the INEEL/Pacific Gas & Electric San Joaquin Valley project was 
discussed.  Of interest is the GTI small-scale liquefier development project sponsored by the 
US DOE Brookhaven National Lab and GRI/GTI. 
 
The working fluid is a patented, multi-component, mixed refrigerant.  State-of-the-art HVAC 
screw compressor technology is used to ensure reliability and low compression costs.  The 
system can be driven by an electric motor or a gas engine.  Two systems have been built and 
tested.  The first, a lab prototype, delivered 250 gallons per day of LNG from pipeline gas.  The 
second, a pre-commercial trial, delivered 1,000 gallons per day of LNG from pipeline gas.  A 
natural gas engine drive was utilized.  The next step planned is to scale the design up to 5,000 
to 10,000 gallons of LNG production per day from pipeline gas.  GTI is in ongoing 
discussions to seek a commercialization partner(s) before scaling the system to a 
commercial size.  They foresee the technology being applicable to production levels between 
3,000 and 30,000 gallons per day of LNG.  To date, the technical approach has been 
considered viable and the cost parameters as anticipated.  The near-term methane feedstock 
for this technology is pipeline natural gas or remote natural gas reserves.  Ultimately, LFG, 
wastewater gas and digester gas will be investigated.  The current target small-scale (1,000 to 
10,000 gallons of LNG per day) capital cost ($ per LNG gallon per day) is $400. 
 
CONCLUSION 
 
• Direct use of LFG on site or in close proximity to the landfill can result in beneficial, 

economic use of LFG. 
• Electricity generation for on site usage and/or direct sale to a local utility or other 

customers can result in beneficial, economic use of LFG.  Target cost to sell the 
electricity is about 5 cents per kilowatt hour.  A rule of thumb for electricity 
generation is 400 scfm of LFG at about 50 percent CH4 content will generate 1 
megawatt of electricity. 

• Development and sale of pipeline quality methane gas can be a viable, beneficial, 
economic use of LFG.  Membrane separation technology coupled with molecular 
sieve technology produces high Btu, high quality methane gas, which cost-effectively 
meets pipeline quality criteria.  The pipeline must be located near proximity to the 
landfill. 

• Producing CNG, LNG, LCO2, methanol or ethanol at a commercial scale from LFG was 
not discovered.  Therefore, no reliable cost data are available. 

• It was stated, before the current price surges in the cost per barrel of oil, that LNG 
had to be made and sold for about 55 cents per gallon (without taxes) to meet 
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customer purchase requirements.  A major LNG producer in Texas indicated that the 
price point for a gallon of LNG was about 53 cents.  FGF expects the price point for 
LNG per gallon at the Franklin County Landfill to be about 66 cents. 

• Combining several RD&D technologies may produce a more cost-effective system 
than use of a single technology. 

• Additional demonstration projects would be helpful to the development of small-scale 
LFG to LNG technologies/systems.  The Franklin County Landfill is a good candidate 
for a demonstration project. 

 
TASK 2B.5 – POST-PRODUCTION ON-SITE STORAGE, DISPENSING, AND TRANSPORTATION USE OF 
LFG TO LNG 
 
Overview 
Landfill gas (LFG), as previously stated, is predominantly a combined methane (CH4) and 
carbon dioxide (CO2) gaseous effluent resulting from the bio-degradation of landfill organic 
components and is normally collected and burned off (“flared”) on-site, resulting in airborne 
releases of CO2 and other pollutants.  The promise of converting this waste product into 
liquefied natural gas (LNG) is in the availability of (relatively) low-cost, clean-burning, on-site 
LNG for powering internal combustion engines in various landfill-use related vehicles. LNG is an 
extremely clean-burning fuel with high energy density per unit volume or unit weight and has 
seen applications in refuse haulers and over-the-road Class 8 trucks typical in landfill-use. 
There is sufficient literature available to indicate that these engine/platform technologies have 
matured to the point of commercial marketplace availability from a number of competitive 
sources. Platforms are available from original equipment manufactures (OEMs) as new vehicles 
with LNG engines and LNG engines are available as retrofits into existing vehicles. However, 
vehicle use is only the end of the product trail. Between the final processing of LNG from LFG 
there must be installed either an on-site, cost-effective, safe, and reliable LNG storage and 
dispensing system or LNG must be imported from an off-site supplier and the landfill-use 
vehicles refueled on a timely basis directly from LNG tanker trucks. 
 
On-Site LNG Storage/Dispensing 
Storage requirements must take into consideration system maintenance requirements, system 
failure and/or other system down times, planned or otherwise.  The following guidelines resulted 
from discussions with knowledgeable persons.  It would be desirable to size storage equal to 
the volume of a tanker truck.  This would suggest a volume of 12,000 to 15,000 gallons of LNG.  
For the Franklin County Landfill project, this volume would seem excessive when viewing LNG 
design production rate requirement of 1,175 gallons per day.  A more reasonable approach 
would be to anticipate system down time and boil-off requirements that might approximate one 
week’s usage of LNG.  At the design production rate, that would suggest a storage capacity of 
8,000 to 10,000 gallons of LNG. 
 
Conversations with the one-time leading potential supplier of on-site LNG storage/dispensing 
packages indicated an estimated baseline equipment cost of $150,000 (varying grossly by 
design storage capacity) plus installation.  Cost estimates were not current and did not include 
suggested operation and maintenance costs; potentially necessary redundancy and/or back-up 
system components’ costs; local labor installation costs; or installation time estimates. 
Furthermore, this supplier had determined that there was a lack of a sufficiently sized LNG 
storage/dispensing package market and had basically abandoned further marketing of their 
system. Therefore, an engineered system consisting of a variety of components from numerous 
manufacturers would have to be designed, built, and installed in order to provide on-site 
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packaged storage/dispensing of LNG for the landfill – greatly increasing infrastructure costs.  
Thus, the issue of on-site production of LNG from LFG, and on-site storage/dispensing of this 
LNG for landfill vehicle use becomes project specific and cost-effectiveness values deteriorate.  
If landfill vehicle emissions reduction was the only driver for this Project, imported LNG trailers 
dropped on-site can be suggested as a cost-effective near-term solution.  However, large-scale 
LNG producers stated that trucking distances greater than 200 miles will result in uneconomical 
cost per gallon of delivered LNG.  The desired trucking distance range for economical delivery 
of LNG is a 200 mile round-trip.  The Franklin County Landfill is located approximately 350 miles 
from the nearest LNG production facility.  Therefore, sufficient storage of LNG on-site is crucial 
to system (Project) economics. 
 
Landfill Use LNG Vehicles 
In the proposed Columbus OH landfill project, the user (SWACO) wished to initially purchase 
four new over-the-road Class 8 tractors to haul compacted waste from urban collection points to 
the landfill using LFG to LNG as an engine fuel.  These units would replace four of SWACO’s 
five oldest (1991-1992MY) units – specifically, International tractors powered by Cummins N4 
375bhp diesel engines.  By replacing four units per year, SWACO would eventually have a 
LNG- powered fleet of some 16-20 transfer trucks in operation.  Given the current availability of 
natural gas-fueled heavy-duty engines in the 375 to 435 bhp range, and of LNG-ready Class 8 
platforms, SWACO would be in a position to competitively bid their requirements from a number 
of sources.  Appendix F summarizes the current SWACO fleet as of July 13, 2004.  LNG-fueled 
Class 8 tractors for waste transfer duty can use suitable commercially-available platforms from a 
variety of manufacturers including: Mack/Volvo, PACCAR (Peterbuilt and Kenworth), and all of 
the other major domestic manufacturers. Any EPA-certified, natural gas-powered heavy-duty 
engine can operate on either liquefied or compressed natural gas – only the on-board fuel 
storage and delivery systems are different. Nominally, these engines are available from 
Cummins-Westport, John Deere, Mack, and Caterpillar. However, the existing SWACO newer 
vehicle fleet (1998-2004MY) horsepower requirements of 435bhp may limit the potential engine 
suppliers to Mack and Caterpillar. Natural gas-powered engines using modern electronic engine 
controls have advanced a great deal in reliability and serviceability over the last decade.  
However maintenance issues seem to be the biggest drawback in new applications and 
therefore service technician training, manufacturers’ warranty support programs, fuel quality 
requirements, and other issues must be addressed by the user in the pre-bid process to help 
ensure cost-effective program implementation. 
 
Costs for LNG-powered Class 8 trucks are higher than those for common diesel-powered 
vehicles, but lower than those for CNG-powered vehicles of similar horsepower, configuration, 
and powerplants due to the differential costs (and gross vehicle weight penalties) associated 
with on-board CNG fuel storage components. Currently, LNG-fueled vehicles of this type carry a 
cost premium of $35,000 to $50,000 over equivalent diesel units, while CNG-fueled HD vehicles 
carry a premium of $45,000 to $65,000.  LNG-powered Class 8 trucks have similar vehicle 
weight and range as diesels, while CNG-powered trucks have a higher vehicle weight and less 
range due in part to the extra weight and supporting structure for on-board CNG storage tanks 
versus diesel or LNG tanks.  Appendix F presents a comparison of diesel versus CNG versus 
LNG fuel tank size/weight.  After the 2007 EPA regulations implementation for diesel engines in 
the 2007 to 2010 time period, the cost differential for a LNG engine versus a diesel engine may 
be reduced to the $10,000 to $30,000 range. 
 
Vehicular Emissions 
As an engine fuel, the use of LFG to LNG produced on-site, or LNG or CNG made available 
from other sources can provide significant emissions reduction benefits versus available diesel 
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and, when used in over-the-road vehicles should be recommended for CMAQ funding to cover 
the vehicles’ incremental costs.  In the waste transfer application proposed by SWACO, the high 
annual mileage should result in an acceptable annual cost-per-ton reduction in both oxides of 
nitrogen (NOx) and particulate matter (PM).  In addition, some accounting can be made for the 
reduction of point source emissions by SWACO diverting significant quantities of otherwise 
flared landfill gas into LNG for use in clean vehicles.  
 
TASK 2B.6 – PROJECT STATUS 
 
Project implementation is dependent on FGF developing a market for the planned methanol 
production from the 1,554 million Btu per day of LFG that will be provided by SWACO.  That 
market has not developed to date.  A second consideration is the commercial status of the 
Acrion technology.  The Burlington County, New Jersey project has similar design criteria to the 
planned Franklin County Landfill Project.  The Acrion technology has not met the target design 
production rate or the methane quality rate desired without the use of other gas stream clean-up 
technology.  Thus, the system has not reached a commercial development, production or 
economic state. 
 
SWACO and COCFC are reviewing and considering other options for productive use of the 
Franklin County Landfill gas.  No decisions as to uses and technologies have yet been made.  
SWACO appears to be waiting the conclusion of the FGF’s Contract requirements before further 
evaluation of the Franklin County Landfill Gas Project. 
 
CONCLUSION 
 
• The SWACO project, as discussed, is to provide methanol as a chemical feedstock 

and/or to produce a biodiesel fuel and to produce about 1,175 gallons per day of fuel 
grade LNG does not appear viable at this time.  No buyer for the methanol has been 
identified and the Acrion technology is not commercially ready. 

• LNG production at 1,175 gallons per day will not yield a cost effective product. 
• The conversion of landfill gas to liquefied natural gas and the subsequent use of LNG 

in clean vehicles would be a public good.  However, at this time, both technology-
specific and overall cost-effectiveness, may be seen as problematic.  The European 
Community has determined that shortening this process to the ‘clean-as-necessary-
for-combustion’ quality and then using that processed gas to generate on-site 
electricity has become a viable and cost-effective near-term program. 

• SWACO is committed to developing a viable LFG product that will be economically 
viable and yield environmental benefits.  They are studying options with a strong 
desire to select projects for near-term implementation.  Transportation fuels are 
definitely included in their desired options.  The Franklin County Landfill and its 
owner SWACO are excellent candidates for a transportation fuels demonstration 
project. 
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APPENDIX F 
 

• SWACO Equipment as of July 13, 2004 
 
• LNG Tank Size and Weight Versus 

Diesel and CNG Tanks of Equivalent 
Fuel Gallonage 
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